Abstract-The transmembrane potential (TMP) of a cell exposed to harmonic or transient electric fields is the main parameter for a successful permeabilization of a cell. Obviously, TMP can be computed with a Finite Element Method, but the high contrast between sizes and electromagnetic properties of the cytoplasm, the membrane, and the extra-cellular medium leads sometimes to inaccurate numerical results. Influence of various parameters on the accuracy is studied. Finally, optimal electric transient waveforms are proposed for various shapes and sizes of cells.
I. INTRODUCTION
Electropermeabilization is an effective method for achieving transmembrane transport of molecules inside the cell which otherwise cannot cross the membrane: it can be used in particular for gene transfer and electrochemical therapy. The induced transmembrane potential (TMP) which causes permeabilization can be obtained analytically, for various parameters of the applied electric pulses in the case of spheroidal cells [1] . The Finite Element Method (FEM) is well suited to model cells with more complex geometrical configurations [2] and particularly to model in detail the membrane. Most of the authors only use commercial FEM packages, without specific attention to possible inaccurate results due to the high contrast between sizes, conductivity σ and permittivity ε of cell parts.
II. ELECTROMAGNETIC MODEL OF A SINGLE CELL
The studied structure ( fig. 1 ) is a single cell exposed to harmonic or transient electric fields induced by a voltage applied between two electrodes. 
(1) or a time step form for transient field (implicit scheme):
(2) where ε = ε 0 .ε r , and dt the time step. Equations (1,2) are solved by 3D axisymetric FEM.
III. DISCUSSION Examples of parameters that are implied in the accuracy: because of the great difference between cell size and membrane thickness (≈ 1/2000), particular attention must be paid to the mesh structure. For a very low conductivity of membrane (≈10 -7 S/m), TMP curve can exhibit anomalies in low frequency (harmonic case).
The full paper will present studies of the influence of various parameters on accuracy of the results; solutions to avoid difficulties will be proposed and implemented to optimize transient waveforms for various shapes and sizes of cells. 
